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$EVWUDFW 
7KLVVWXG\SURSRVHVDGYDQFHGVDIHW\DVVHVVPHQWPHWKRGVLQWKHSHUVSHFWLYHVRISUHGLFWLRQSHUIRUPDQFHDQG
SUDFWLFDOLW\ 7KLV VWXG\ WKXV GHYHORSV WKUHH GLIIHUHQW VDIHW\ DVVHVVPHQW DSSURDFKHV VLPXODWHG FRQIOLFWV
LQFRUSRUDWHG HVWLPDWHG FRQIOLFWVLQFRUSRUDWHG DQG LQWHUVHFWLRQ RSHUDWLRQDO DWWULEXWHVEDVHG VDIHW\
SHUIRUPDQFHIXQFWLRQDQGXWLOL]HVWZRH[LVWLQJDSSURDFKHVDQQXDODYHUDJHGDLO\WUDIILFEDVHGDQGVLPXODWHG
FRQIOLFWVEDVHGVDIHW\SHUIRUPDQFHIXQFWLRQV7KHVHILYHVDIHW\DVVHVVPHQWDSSURDFKHVDUHFRPSDUHGLQWHUPV
RI FUDVK SUHGLFWLRQ SHUIRUPDQFH DW LQWHUVHFWLRQV DQG SUDFWLFDOLW\ UHSUHVHQWLQJ WKH UHTXLUHG HIIRUWV LQ
LPSOHPHQWLQJ DPHWKRG7KH UHVXOWV VKRZHG WKDW WKH VLPXODWHG FRQIOLFWVLQFRUSRUDWHG VDIHW\SHUIRUPDQFH
IXQFWLRQDSSURDFKZDVEHVWLQWHUPVRISUHGLFWLRQSHUIRUPDQFHZKLOHWKHDQQXDODYHUDJHGDLO\WUDIILFEDVHG
VDIHW\SHUIRUPDQFHIXQFWLRQDSSURDFKZDVEHVWLQWKHSUDFWLFDOLW\DVSHFW7KHGLVFXVVLRQRQWUDGHRIIEHWZHHQ
SUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\WKHQIROORZHGEDVHGRQWKHDQDO\VLVRQWKHSUHGLFWLRQSHUIRUPDQFH
DQGSUDFWLFDOLW\DVSHFWV7KLVVWXG\ZLOOEHDUHIHUHQFHWRVDIHW\DVVHVVPHQWSUDFWLWLRQHUVZKHQWKH\QHHGWR
DVVHVVVDIHW\RQURDGZD\VDQGWRVHOHFWDQDSSURSULDWHVDIHW\DVVHVVPHQWPHWKRGZLWKOLPLWHGUHVRXUFHV

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0DQ\KHOSIXOWRROVDQGJXLGHOLQHVKDYHEHHQGHYHORSHGIRUDVVHVVLQJWKHVDIHW\SHUIRUPDQFHRIURDGZD\V7KH
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+60 LQFOXGLQJ WKH UHFHQWO\UHOHDVHG 
VXSSOHPHQW$$6+72+60SURYLGHVYDULRXVVDIHW\SHUIRUPDQFHIXQFWLRQV63)VHQDEOLQJWRHVWLPDWHWKH
IUHTXHQF\DQGVHYHULW\RIFUDVKHVIRUDYDULHW\RIURDGZD\W\SHVHJIUHHZD\UDPSLQWHUVHFWLRQPXOWLDQGWZR
ODQH KLJKZD\V DQG XUEDQ DUWHULDO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)+:$ LQ WKH 8QLWHG 6WDWHV DOVR
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VWDWHVSHFLILF63)VEDVHGRQFUDVKDQGWUDIILFYROXPHGDWDFROOHFWHGIURPWKHVXEMHFWVWDWHEHFDXVHHDFKMXULVGLFWLRQ
PD\ KDYH GLIIHUHQW WUDIILF RSHUDWLRQ FKDUDFWHULVWLFV ,76B&RUSRUDWLRQ  )ROORZLQJ WKLV )+:$
UHFRPPHQGDWLRQ PDQ\ VWDWHV LQ WKH 86 LQFOXGLQJ 0LQQHVRWD &RORUDGR &DOLIRUQLD 7H[DV 1HZ <RUN DQG
9LUJLQLDKDYHGHYHORSHGWKHLURZQVWDWHVSHFLILF63)V*DUEHU	5LYHUD:KLOHWKH63)EDVHGPHWKRGFDQ
GLUHFWO\FRQQHFWWRWKHFUDVKEDVHGUHVXOWV63)VLQ+60DUHVWLOOFKDOOHQJLQJWRSUHFLVHO\UHIOHFWWKHPLFURVFRSLF
RSHUDWLRQDOFKDUDFWHULVWLFVRI URDGZD\ VXFKDVGHWDLOHGJHRPHWULHVDQG WUDIILFFRQWURODOJRULWKPSDUWLFXODUO\DW
VLJQDOL]HGLQWHUVHFWLRQVZKLFKKLQGHUVGHWDLOHGVDIHW\DQDO\VLV)RUH[DPSOHXQGHUWKHFXUUHQW63)EDVHGDSSURDFK
WZRVLJQDOL]HGLQWHUVHFWLRQVZLWKVLPLODU$QQXDODYHUDJHGDLO\WUDIILFV$$'7VRQERWKPDMRUDQGPLQRUVWUHHWV
EXWGLIIHUHQWODQHFRQILJXUDWLRQVDQGVLJQDOWLPLQJSODQVZRXOGKDYHVLPLODUVDIHW\DVVHVVPHQWUHVXOWV
$PLFURVFRSLFVLPXODWLRQEDVHGVXUURJDWHVDIHW\DVVHVVPHQWPRGHO66$0KDVJDLQHGJUHDWDWWHQWLRQGXHWR
LWVH[FOXVLYHFDSDELOLWLHVRIKDQGOLQJWKHLQGLYLGXDOGULYHUEHKDYLRUVDQGWKHGHWDLOHGRSHUDWLRQDOFKDUDFWHULVWLFVRI
LQWHUVHFWLRQZKLFKLVQRWDFKLHYHGE\WKHH[LVWLQJ63)EDVHGDSSURDFK7KDWLV WKH66$0EDVHGDSSURDFKFDQ
UHIOHFWWKHLPSDFWRIYDULRXVLQWHUVHFWLRQFRQWUROSDUDPHWHUVVXFKDVVLJQDOWLPLQJVODQHFRQILJXUDWLRQVULJKWRI
ZD\ DQG \LHOGVWRS UXOH 2Q WKH RWKHU KDQG WKH 66$0EDVHG DSSURDFK JHQHUDOO\ UHTXLUHV WRQV RI VLPXODWLRQ
PRGHOLQJHIIRUWV
,QVXPPDU\WKHVHWZRGLVWLQFWLYHVDIHW\DVVHVVPHQWPHWKRGV63)EDVHGPHWKRGDQG66$0EDVHGPHWKRG
KDYHEHHQGHYHORSHGDQGHYROYHGLQRUGHUWRHQKDQFHWKHVDIHW\DVVHVVPHQWLQWHUPVRIWKHVDIHW\PHDVXUHSUHGLFWLRQ
SHUIRUPDQFHDQGWKHSUDFWLFDOLW\RIPHWKRGLPSOHPHQWDWLRQ%DVHGRQWKLVVWUHDPLQWKHWUDIILFVDIHW\UHVHDUFKWKLV
VWXG\SURSRVHVDQLQFRUSRUDWHGVWDWLVWLFDOPRGHOLQJDSSURDFKWRWDNHWKHDGYDQWDJHVRIERWK63)DQG66$0EDVHG
PHWKRGVE\FRQQHFWLQJWKHVLPXODWHGFRQIOLFWVWRWKHFUDVKEDVHGVDIHW\DVVHVVPHQWUHVXOWVLQRUGHUWRPD[LPL]H
WKHFUDVKSUHGLFWLRQSHUIRUPDQFH7KHVLPXODWHGFRQIOLFWVDUHWKXVLQFRUSRUDWHGLQWRWKH63)IRUPWKDWRULJLQDOO\
FRQVLVWVRI$$'7VRQPDMRUDQGPLQRUOLQNV$OVRWRXWLOL]HWKHWUDIILFFRQIOLFWVEDVHGVDIHW\DVVHVVPHQWPHWKRG
DQGHQKDQFHLWVSUDFWLFDOLW\DVWDWLVWLFDOPRGHOLQJDSSURDFKWRHVWLPDWHWUDIILFFRQIOLFWVUHSODFLQJPLFURVLPXODWLRQ
DQG 66$0 LPSOHPHQWDWLRQV LV DWWHPSWHG 7KH UHODWLRQVKLS EHWZHHQ FRQIOLFWV DQG PLFURVFRSLF LQWHUVHFWLRQ
RSHUDWLRQDOFKDUDFWHULVWLFVLVWKXVPRGHOHGLQRUGHUWRHVWLPDWHWUDIILFFRQIOLFWVZLWKRXWWKHVLPXODWLRQPRGHOLQJ
DQGLPSOHPHQWDWLRQHIIRUWVZKLFKHQKDQFHVSUDFWLFDOLW\LQDVVHVVLQJVDIHW\$VVXFKWKLVVWXG\GHYHORSVVHYHUDO
HQKDQFHG VDIHW\ DVVHVVPHQW PHWKRGV LQ SXUVXLQJ WKH WZR GLIIHUHQW SXUSRVHV SUHGLFWLRQ SHUIRUPDQFH DQG
SUDFWLFDOLW\ EDVHG RQ WKH FRQYHQWLRQDO VDIHW\ DVVHVVPHQW DSSURDFKHV LH 63) DQG 66$0EDVHG PHWKRGV
)XUWKHUPRUHWKLVVWXG\LQYHVWLJDWHVWKHSHUIRUPDQFHRIERWKWKHFRQYHQWLRQDODQGWKHSURSRVHGVDIHW\DVVHVVPHQW
DSSURDFKHVLQWHUPVRISUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\DQGILQDOO\DQDO\]HVWKHWUDGHRIIEHWZHHQWKHWZR
PHDVXUHVDPRQJWKHVWDWHRIWKHDUWVDIHW\DVVHVVPHQWPHWKRGV
 /LWHUDWXUH5HYLHZ
7UDIILF VDIHW\KDVEHHQDPDMRU LVVXHDPRQJ WUDIILFHQJLQHHUVDQGVLJQLILFDQW UHVHDUFKHIIRUWVRQ VWDWLVWLFDO
PRGHOEDVHG VDIHW\ DVVHVVPHQW KDYH EHHQPDGH݂ܵܽ݁ݐݕܣ݈݊ܽݕݏݐ்ெ  D 63)EDVHG VDIHW\ DVVHVVPHQW VRIWZDUH
SURYLGHVDVHWRIWUDIILFVDIHW\PDQDJHPHQWWRROVVXFKDVDQHWZRUNVFUHHQLQJWRRODSULRULW\UDQNLQJWRRODQGD
FRXQWHUPHDVXUHHYDOXDWLRQWRROLQRUGHUWRVXSSRUWVWDWHDQGORFDOKLJKZD\DJHQFLHV¶GHFLVLRQPDNLQJSURFHVVLQ
VHOHFWLQJWKHKRWVSRWORFDWLRQVWKDWQHHGWREHWUHDWHGLQSULRULW\)+:$$OWKRXJKWKHVRIWZDUHSURYLGHV
H[WHQVLYHVDIHW\DQDO\VLVFDSDELOLWLHVZLWKVHYHUDO63)VIRUYDULRXVURDGIDFLOLW\W\SHVWKHVH63)VDUHEDVHGRQWKH
0LQQHVRWDGDWDZKLFKZRXOGEHULVN\IRURWKHU MXULVGLFWLRQV WRXVH7KHUHIRUHPDQ\RWKHUVWDWHV LQ WKH8QLWHG
6WDWHVLQFOXGLQJ&RORUDGR&DOLIRUQLD7H[DV1HZ<RUNDQG9LUJLQLDKDYHGHYHORSHGWKHLURZQVWDWHVSHFLILF63)V
*DUEHU	5LYHUD7KH,GDKR7UDQVSRUWDWLRQ'HSDUWPHQWLVDOVRGHYHORSLQJ63)VIRUWKHVWDWHRI,GDKREXW
WKHUHVXOWVDUHQRWDYDLODEOH\HW%H\RQGWKHVHHIIRUWVIURPSXEOLFWUDQVSRUWDWLRQDJHQFLHVVHYHUDOVWXGLHVKDYHEHHQ
FRQGXFWHG WR GHYHORS DQG LPSURYH63)V RU RWKHU FUDVKSUHGLFWLRQPRGHOV DV IROORZV D URDGGHVLJQYDULDEOHV
LQFRUSRUDWHG63)0RQWHOOD	,PEULDQLGHYHORSLQJ63)IRUELF\FOHV1RUGEDFNHWDOPRXQWDLQRXV
IUHHZD\$KPHGHWDOXUEDQURDGQHWZRUN/RUG	3HUVDXGUXUDOPRWRUZD\0RQWHOODHWDO
WZRODQHUXUDOKLJKZD\V&DILVRHWDODQGXQVLJQDOL]HGVXSHUVWUHHW2WWHWDO
'XH WR OLPLWDWLRQV RI VWDWLVWLFDOPRGHOEDVHG FUDVK SUHGLFWLRQPHWKRGV SRLQWHG LQ WKH ,QWURGXFWLRQ VHFWLRQ
DQRWKHU VDIHW\ DVVHVVPHQW VWUHDP XVLQJ WUDIILF FRQIOLFWV KDV EHHQ UHFHQWO\ KLJKOLJKWHG 7KLV LV EDVHG RQ WKH
K\SRWKHVLVWKDWDWUDIILFFRQIOLFWZKLFKLVDYHKLFOHLQWHUDFWLRQWKDWZRXOGOHDGWRDFUDVKLIQRWRQHRIWKHSDUWLFLSDQWV
FRQGXFWVDFKDQJHLQLWVEHKDYLRUWRDYRLGWKHFUDVKUHSUHVHQWVDKLJKSUREDELOLW\RIDWUDIILFFUDVK7KLVWUDIILF
FRQIOLFWEDVHG VDIHW\ DVVHVVPHQW DSSURDFK KDV EHHQ DFFHOHUDWHG E\ DQ DXWRPDWHG VXUURJDWH VDIHW\ PHDVXUHV
FRPSXWDWLRQWRRO6XUURJDWH6DIHW\$VVHVVPHQW0RGHO66$0*HWWPDQ	+HDG*HWWPDQHWDO
66$0 DXWRPDWHV WKH SURFHVV RI DQDO\]LQJ YHKLFOH WUDMHFWRULHV IURP PLFURVFRSLF WUDIILF VLPXODWLRQ PRGHOV
FRPSXWHVVXUURJDWHVDIHW\PHDVXUHVVXFKDVWLPHWRFROOLVLRQ77&DQGSRVWHQFURDFKPHQWWLPH3(7XVLQJWKH
YHKLFOHWUDMHFWRULHVDQGLGHQWLILHVWUDIILFFRQIOLFWVWKDWFRPSXWHG77&DQG3(7ZLWKLQDSDLURIYHKLFOHVDUHORZHU
WKDQDQGVHFRQGVUHVSHFWLYHO\7KLVPLFURVLPXODWLRQDQG66$0EDVHGVDIHW\DVVHVVPHQWDSSURDFKKDVEHHQ
XVHGWRFRPSDUHWUDIILFDOWHUQDWLYHVLQPDQ\VDIHW\VWXGLHVDVIROORZVDFWLYHWUDIILFPDQDJHPHQW$70VWUDWHJLHV
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1H]DPXGGLQHWDO&RRSHUDWLYH9HKLFOH,QWHUVHFWLRQ&RQWURO&9,&/HHHWDOLQWHUVHFWLRQGHVLJQ
.LUN	6WDPDWLDGLVURXQGDERXWV$O*KDQGRXUHWDODQGWKHVDIHW\LPSDFWRI*36DFFXUDF\DQG
FRPPXQLFDWLRQGHOD\V-6RHWDO--6RHWDO
%H\RQG WKHVH WZR GLIIHUHQW VDIHW\ DVVHVVPHQWPHWKRGV LH VWDWLVWLFDOPRGHOEDVHGPHWKRG DQG VLPXODWHG
FRQIOLFWVEDVHGPHWKRG UHFHQWVWXGLHV LQYHVWLJDWHGWKHUHODWLRQVKLSEHWZHHQ WUDIILFFRQIOLFWVDQGFUDVKHVRU WKH
YLDELOLW\RIVDIHW\DVVHVVPHQWWKURXJKFRQIOLFWDQDO\VLV6KDKGDKHWDOGHYHORSHGDQLQWHJUDWHGFUDVKFRQIOLFW
PRGHOLQDQDOWHUQDWLYHZD\RIHVWLPDWLQJFUDVKPRGLILFDWLRQIDFWRUV&0)V6RHWDOFRPSDUHGWZRPDMRU
VDIHW\DVVHVVPHQWSDUDGLJPVQDPHO\WKHFRQIOLFWEDVHGDQGVWDWLVWLFDOPRGHOLQJ(PSLULFDO%D\HV63)PHWKRGV
LQDVVHVVLQJFUDVKULVNVDWVLJQDOL]HGLQWHUVHFWLRQVDQGDUWHULDOVHJPHQWV&XQWRDQG6DFRPDQQRFRPSDUHG
WZR GLIIHUHQW VHWV RI YHKLFOH WUDMHFWRULHV REWDLQHG IURP WKH ILHOG DQG WKH PLFURVLPXODWLRQ LQ FRPSXWLQJ WKH
GHFHOHUDWLRQUDWHWRDYRLGFUDVKHV'5$&DQGWKHFUDVKSRWHQWLDOLQGH[&3,&DOLHQGRDQG*XLGDWHVWHG
YDULRXVIRUPVRIVXUURJDWHVDIHW\PHDVXUHVEDVHGFUDVKSUHGLFWLRQPRGHOVDQGFRQFOXGHGWKDWWKHWUDIILFFRQIOLFW
EDVHGPRGHOSHUIRUPHGEHVW
%DVHGRQ WKH OLWHUDWXUH UHYLHZ WKHUHZHUH VLJQLILFDQW UHVHDUFKHIIRUWV WR DVVHVV URDGVDIHW\SHUIRUPDQFHE\
WDNLQJ DGYDQWDJHRI QRW RQO\ VWDWLVWLFDOPRGHOVEXW DOVRPLFVRVLPXODWLRQ$OVR D IHZ VWXGLHV DWWHPSWHG WR XVH
VXUURJDWHVDIHW\PHDVXUHVWRSUHGLFWFUDVKHVXOWLPDWHO\DVVHVVWKHURDGSHUIRUPDQFHLQVDIHW\+RZHYHUWKHUHLV
VWLOODJDSWREHLPSURYHGLQDVVHVVLQJWKHURDGVDIHW\SHUIRUPDQFHLQWHUPVRIERWKSUHGLFWLRQSHUIRUPDQFHDQGWKH
SUDFWLFDOLW\RIPHWKRG3UHYLRXVVWXGLHVRQO\IRFXVHGRQVSHFLILFFUDVKW\SHVVXFKDVUHDUHQGFUDVKHVLQYHVWLJDWHG
WKH SHUIRUPDQFH RI VROH FRQIOLFWV LQ DFFRXQWLQJ IRU FUDVKHV H[SHULPHQWHG ZLWK D UHODWLYHO\ VPDOO QXPEHU RI
LQWHUVHFWLRQVDUHDVSURSRVHGFRPSOLFDWHGVWDWLVWLFDOPRGHOVRUPXOWLSOHVRIWZDUHLPSOHPHQWDWLRQDSSURDFKHVZKLFK
PD\UHTXLUHVLJQLILFDQWFRPSXWDWLRQWLPHHYHQWKRXJKVDIHW\DVVHVVPHQWJHQHUDOO\QHHGVWREHFRQGXFWHGZLWKD
ODUJHQXPEHURIURDGIDFLOLWLHVDQGYDULRXVFUDVKFRQIOLFWW\SHVLQDSUDFWLFDOPDQQHU
,QILOOLQJWKLVJDSWKLVVWXG\SURSRVHVDQHQKDQFHGFUDVKSUHGLFWLRQPRGHOE\LQFRUSRUDWLQJWUDIILFFRQIOLFWVLQWR
WKHH[LVWLQJ63)IRUPLQZD\VRIVLPXODWLRQLPSOHPHQWDWLRQDQGVWDWLVWLFDOPRGHOLQJLQRUGHU WRSURYHDEHWWHU
SUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\ UHVSHFWLYHO\7KLV VWXG\DOVRH[DPLQHV WKHSURSRVHGVDIHW\DVVHVVPHQW
PHWKRGVLQWHUPVRIWKHSUHGLFWLRQSHUIRUPDQFHDQGWKHSUDFWLFDOLW\DQGILQDOO\DQDO\]HVWKHWUDGHRIIEHWZHHQWKH
WZRSHUIRUPDQFHPHDVXUHV DPRQJ WKHSURSRVHG VDIHW\ DVVHVVPHQWPHWKRGV LQ RUGHU IRU WKLV WUDGHRII DQDO\VLV
UHVXOWV WR EH XVHG DV D UHIHUHQFH ZKHQ WUDIILF VDIHW\ HQJLQHHUV QHHG WR VHOHFW DQ HIIHFWLYH DQG HIILFLHQW VDIHW\
DVVHVVPHQWPHWKRGXQGHUOLPLWHGUHVRXUFHV
 0HWKRGRORJ\
 6DIHW\3HUIRUPDQFH$VVHVVPHQW$SSURDFKHV
$WRWDO ILYHKLJKZD\VDIHW\DVVHVVPHQWDSSURDFKHV LQFOXGLQJFRQYHQWLRQDOPHWKRGVDQGHQKDQFHGPHWKRGV
GHYHORSHG LQ WKLVVWXG\ZHUH WHVWHG LQ WHUPVRISUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\7KHVDIHW\DVVHVVPHQW
DSSURDFKHV  DQG  ZHUH LPSOHPHQWHG XVLQJ H[LVWLQJ 63)EDVHG PHWKRG DQG 66$0EDVHG PLFURVLPXODWLRQ
DSSURDFKUHVSHFWLYHO\ZKLOHDVLPXODWHGFRQIOLFWVLQFRUSRUDWHG63)ZDVGHYHORSHGLQWKHWKLUGDSSURDFKDPRGHO
EDVHGFRQIOLFWVLQFRUSRUDWHG63)ZDVGHYHORSHGLQWKHIRXUWKDSSURDFKDQGDQLQWHUVHFWLRQRSHUDWLRQDODWWULEXWHV
EDVHG FUDVK HVWLPDWLRQ PRGHO ZDV FDOLEUDWHG DQG LPSOHPHQWHG LQ WKH ILIWK DSSURDFK (DFK VDIHW\ DVVHVVPHQW
DSSURDFKZDVWHVWHGLQWHUPVRISUHGLFWLQJFUDVKHVLHSUHGLFWLRQSHUIRUPDQFHDQGUHTXLUHGHIIRUWVWRLPSOHPHQW
WKHPHWKRGLHSUDFWLFDOLW\7KHVDIHW\DVVHVVPHQWDSSURDFKHVXVHGLQWKLVVWXG\DUHGHVFULEHGDVIROORZV

$SSURDFK$$'7EDVHGVDIHW\SHUIRUPDQFHIXQFWLRQ
7KHILUVWDSSURDFKUHSUHVHQWVH[LVWLQJ63)EDVHGVDIHW\DVVHVVPHQWPHWKRGV7KH+60VXJJHVWVWKDWHDFKVWDWH
RUFLW\VKRXOGHLWKHUGHYHORSWKHLURZQ63)RUFDOLEUDWH63)SDUDPHWHUVEDVHGRQORFDOFUDVKDQG$$'7GDWD
&XUUHQWO\D VWXG\ WRFXVWRPL]H63)V IRU ,GDKR8QLWHG6WDWHV 86 LVEHLQJFRQGXFWHGEXW WKH UHVXOWVDUHQRW
DYDLODEOH\HW7KLVVWXG\WKXVFDOLEUDWHG63)SDUDPHWHUVXVLQJFUDVKDQG$$'7GDWDFROOHFWHGLQD&LW\RI%RLVH
,GDKR86DQGDVXJJHVWHG63)IRUP(TIURPWKH݂ܵܽ݁ݐݕܣ݈݊ܽݕݏݐ்ெVRIWZDUH1RWHWKDWWKH63)SDUDPHWHU
FDOLEUDWLRQZDVFRQGXFWHGEDVHGRQ+60¶V63)GHYHORSPHQWJXLGHOLQHV $$6+72 XVLQJ WKHQHJDWLYH
ELQRPLDO1%UHJUHVVLRQPRGHOLQJIXQFWLRQDOLW\RI,%06366VWDWLVWLFVVRIWZDUHYHUVLRQ,%0

	 ൌ  ݁ఈ ή ܣܣܦ ௠ܶ௔௝௢௥
ୠଵ ή ܣܣܦ ௠ܶ௜௡௢௥
ୠଶ  (T

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
$SSURDFK0LFURVLPXODWLRQEDVHGVDIHW\DVVHVVPHQWXVLQJWUDIILFFRQIOLFWV
7KHVHFRQGDSSURDFKXVHVWUDIILFFRQIOLFWVHVWLPDWHGXVLQJDPLFURVFRSLFWUDIILFVLPXODWLRQPRGHODQG66$0
$JHQHUDOPHWKRGRIHVWLPDWLQJWUDIILFFRQIOLFWVLVWRXVHYHKLFOHWUDMHFWRULHVFRQVLVWLQJRIYHKLFOHSRVLWLRQV[\]
VSHHGDQGDFFHOHUDWLRQGHFHOHUDWLRQZKLFKDUHVRPHRIWKHRXWSXWVIURPPLFURVFRSLFWUDIILFVLPXODWLRQPRGHOV
1RWH WKDW9,66,0ZDVVHOHFWHGEHFDXVHRI LWVGHWDLOHG UHSUHVHQWDWLRQRIPLFURVFRSLFYHKLFOHEHKDYLRU DQG
EHFDXVHRILWV66$0FRPSDWLELOLW\9,66,0JHQHUDWHVDELQDU\FRGHGYHKLFOHWUDMHFWRU\GDWDVHWWUMZKLFKFDQ
EHXVHGDVDQLQSXWWR66$066$0WKHQXVHVWKLVGDWDVHWWRFRPSXWHVXUURJDWHVDIHW\PHDVXUHVVXFKDVWLPHWR
FROOLVLRQSRVWHQFURDFKPHQWWLPHDQGHVWLPDWHGWUDIILFFRQIOLFWV
7ZHOYHUHSOLFDWLRQVZHUHPDGHZLWKGLIIHUHQWUDQGRPQXPEHUVHHGVWRFDSWXUHYDULDELOLW\LQWKHVLPXODWLRQ
UXQV7KHVLPXODWLRQSHULRG IRU FROOHFWLQJYHKLFOH WUDMHFWRULHVZDV VHWDW VHFRQGV KRXU7ZRKRXUVRI
ZDUPXSWLPHZHUHXVHGWRILOOWKHQHWZRUNZLWKYHKLFOHV7KHQXPEHURIVLPXODWLRQUXQVZDVGHWHUPLQHGEDVHGRQ
DFRPSXWHGVDPSOHVL]H7ZHOYHUHSOLFDWLRQVZHUHVWDWLVWLFDOO\VXIILFLHQWWRFRYHUWKHYDULDELOLW\RIWKLVVLPXODWLRQ
DWWKHFRQILGHQFHOHYHO5REHUWVRQ
5HJDUGLQJWKUHVKROGYDOXHVLQ66$0YDOXHVRIDQGVHFRQGVZHUHXVHGIRU77&DQG3(7UHVSHFWLYHO\
DVWKUHVKROGVIRULGHQWLI\LQJWUDIILFFRQIOLFWV&DOLHQGR	*XLGD*HWWPDQHWDO:X	-RYDQLV
1RWH WKDW µ77& ¶FDVHVZHUHH[FOXGHG IURP WKLVDQDO\VLV7KHFRQIOLFWV LQ66$0ZHUHFODVVLILHG LQWR WKUHH
GLIIHUHQWFRQIOLFWW\SHVUHDUHQGODQHFKDQJHDQGFURVVLQJEDVHGRQFRQIOLFWDQJOHEHWZHHQYHKLFOHV6SHFLILFDOO\
WKHFRQIOLFWW\SHVDUHFODVVLILHGDVIROORZVUHDUHQGFRQIOLFWLIȁܿ݋݂݈݊݅ܿݐ݈ܽ݊݃݁ȁ ൏ ͵ͲιFURVVLQJFRQIOLFWLI
ȁܿ݋݂݈݊݅ܿݐ݈ܽ݊݃݁ȁ ൐ ͺͷιDQGDOORWKHUVDUHODQHFKDQJHFRQIOLFWV,QDGGLWLRQDOOWUDIILFFRQIOLFWVZHUHFODVVLILHG
E\LQWHUVHFWLRQVLHDWRULQVLGHRIIWIURPWKHFHQWHURIDQLQWHUVHFWLRQRUE\WKHPLGGOHRIWZRLQWHUVHFWLRQV
EDVHG RQ WKH JHR FRRUGLQDWHV [ DQG \ RI HDFK FRQIOLFW )RU H[DPSOH WKH HVWLPDWHG FRQIOLFWV EHWZHHQ WZR
LQWHUVHFWLRQVZHUH FODVVLILHG LQWR WKH LQWHUVHFWLRQ FORVHO\ ORFDWHG UHVSHFWLYHO\ LI WKH GLVWDQFH EHWZHHQ WKH WZR
LQWHUVHFWLRQVDUHOHVVWKDQIWGRXEOHGRIIW7KHVLPXODWHGFRQIOLFWVZHUHILQDOO\XVHGWRSUHGLFWFUDVKHVDW
LQWHUVHFWLRQVXVLQJWKHIROORZLQJ63)IRUP

	 ൌ  ݁ఈ ή ܥ݋݂݈݊݅ܿݐݏ௖   (T

$SSURDFK6LPXODWHGFRQIOLFWVLQFRUSRUDWHGVDIHW\SHUIRUPDQFHIXQFWLRQ
7KHWKLUGDSSURDFKGHYHORSVDQHQKDQFHGFUDVKSUHGLFWLRQPRGHOE\XWLOL]LQJH[LVWLQJ$$'7EDVHG63)IRUP
DQGVLPXODWHGFRQIOLFWV7KHH[LVWLQJ63)EDVHGPHWKRGLVGHYHORSHGEDVHGRQWKHILHOGFROOHFWHGFUDVKHVZKLOHLW
LV VWLOO FKDOOHQJLQJ GXH WR OLPLWHG FUDVK GDWD DQG ODFN RI UHIOHFWLQJ PLFURVFRSLF LQWHUVHFWLRQ RSHUDWLRQDO
FKDUDFWHULVWLFVHJWUDIILFVLJQDOFRQWUROVODQHFRQILJXUDWLRQVDQGGULYHUDJJUHVVLYHQHVV2QWKHRWKHUKDQGWKH
66$0EDVHGPHWKRG LV EDVHG RQ WKH VLPXODWHG YHKLFOH WUDMHFWRULHV UHIOHFWLQJ WKH LQWHUVHFWLRQ RSHUDWLRQDO DQG
JHRPHWULF FKDUDFWHULVWLFV DQG GULYLQJ EHKDYLRU IDFWRUV HJ DJJUHVVLYHQHVV RI FDUIROORZLQJ DQG ODQHFKDQJH
EHKDYLRUV7KH66$0EDVHGPHWKRGWKXVFDQVHUYHDVDSUDJPDWLFVXSSOHPHQWWRWKHH[LVWLQJ63)EDVHGPHWKRG
7KHUHIRUH WKLVDSSURDFKZDVPRWLYDWHGWRH[SORLW WKHDGYDQWDJHVRIERWKVDIHW\DVVHVVPHQWPHWKRGVLH63)
EDVHGPHWKRGDQG66$0EDVHGPHWKRG7RLQWHJUDWH$$'7HIIHFWVDQGWUDIILFFRQIOLFWHIIHFWVVL[W\SHVRI63)
IRUPVZHUHLQLWLDOO\FRQVLGHUHGDVIROORZV

)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ(T
)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏ்௢௧௔௟
௖ଵ(T
)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏோா
௖ଶ ή ܥ݋݂݈݊݅ܿݐݏ௅஼
௖ଷ ή ܥ݋݂݈݊݅ܿݐݏ஼ோ
௖ସ(T
)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏோா
௖ଶ(T
)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏ௅஼
௖ଷ(T
)RUP	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏ஼ோ
௖ସ(T

ZKHUHDSSOLHGIRU(TXDWLRQVWR
&) FUDVKIUHTXHQF\WRWDOQXPEHURIFUDVKHV
ܣܣܦ ௠ܶ௔௝௢௥ $$'7RQPDMRUDSSURDFKHV
ܣܣܦ ௠ܶ௜௡௢௥  $$'7RQPLQRUDSSURDFKHV
ܥ݋݂݈݊݅ܿݐݏ்௢௧௔௟ WRWDOQXPEHURIHVWLPDWHGWUDIILFFRQIOLFWV
ܥ݋݂݈݊݅ܿݐݏோா  QXPEHURIHVWLPDWHGUHDUHQGWUDIILFFRQIOLFWV
ܥ݋݂݈݊݅ܿݐݏ௅஼  QXPEHURIHVWLPDWHGODQHFKDQJHWUDIILFFRQIOLFWV
ܥ݋݂݈݊݅ܿݐݏ஼ோ QXPEHURIHVWLPDWHGFURVVLQJWUDIILFFRQIOLFWV
ܽǡ ܾͳǡ ܾʹǡ ܿͳǡ ܿʹǡ ܿ͵ǡ ܿͶ FDOLEUDWLRQSDUDPHWHUV

(DFKHQKDQFHG63)IRUPZDVEDVHGRQVLPXODWHGFRQIOLFWV$$'7VDQGFUDVKHVDQGDVHOHFWHGPRGHOVKRZLQJ
EHVW SUHGLFWLRQSHUIRUPDQFHZDV XVHG DV D UHSUHVHQWDWLYHPRGHO RI WKLV DSSURDFK DQGFRPSDUHGZLWK WKHRWKHU
DSSURDFKHV
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


$SSURDFK(VWLPDWHGFRQIOLFWVLQFRUSRUDWHGVDIHW\SHUIRUPDQFHIXQFWLRQ
7KLVDSSURDFKLVWRSURYLGHPRUHSUDFWLFDOLW\LQHVWLPDWLQJWUDIILFFRQIOLFWWKXVGHYHORSHGDFRQIOLFWHVWLPDWLRQ
PRGHO EDVHG RQ WKH DVVXPSWLRQ WKDW WUDIILF FRQIOLFWV DUH WKH IXQFWLRQ RI PLFURVFRSLF LQWHUVHFWLRQ RSHUDWLRQDO
DWWULEXWHVVXFKDVJHRPHWU\VLJQDOWLPLQJVDQGWUDIILFFRPSRVLWLRQDQGUHVXOWHGGULYLQJEHKDYLRUV,QRWKHUZRUGV
WKLVDSSURDFKLVWRHVWLPDWHWUDIILFFRQIOLFWVZLWKRXWVLPXODWLRQLPSOHPHQWDWLRQZKLFKUHTXLUHVWRQVRIVLPXODWLRQ
FRGLQJ FRPSXWDWLRQ DQG HYDOXDWLRQZRUNV WKDW DUH RIWHQ WLPH FRQVXPLQJ DQG FRVWLQHIIHFWLYH 7R WKLV HQG D
VWDWLVWLFDOPRGHOLQJDSSURDFKZDVDWWHPSWHGXVLQJFROOHFWHGPLFURVFRSLFLQWHUVHFWLRQRSHUDWLRQDOSDUDPHWHUV7KH
FROOHFWHG SDUDPHWHUV ZHUH XVHG DV LQGHSHQGHQW YDULDEOHV WR HVWLPDWH WKH QXPEHU RI WUDIILF FRQIOLFWV DQG WKH
VLPXODWHGWUDIILFFRQIOLFWVREWDLQHGIURPDFWXDOVLPXODWLRQUXQVZHUHXVHGDVDGHSHQGHQWYDULDEOHWRFDOLEUDWHWKH
SDUDPHWHUVRIWKHLQGHSHQGHQWYDULDEOHV7KHLQGHSHQGHQWYDULDEOHVFROOHFWHGIRUWKLVDSSURDFKDUHLQGLFDWHGLQWKH
ܦܽݐܽܥ݋݈݈݁ܿݐ݅݋݊ VHFWLRQ 7KH HVWLPDWHG WUDIILF FRQIOLFWV UHSODFHG WKHܿ݋݂݈݊݅ܿݐݏ WHUPLQRORJ\ LQ WKH SURSRVHG
HQKDQFHG63)IRUPVRIWKHDSSURDFKWKXVDJRRGQHVVRIILWRIWKHVHPRGHOVZDVPHDVXUHG

$SSURDFK,QWHUVHFWLRQRSHUDWLRQDODWWULEXWHVEDVHGVDIHW\SHUIRUPDQFHIXQFWLRQ
7KLV DSSURDFK LV WR GLUHFWO\ HVWLPDWH WKH QXPEHU RI FUDVKHV EDVHG RQ $$'7V DQG WKH RWKHU PLFURVFRSLF
LQWHUVHFWLRQRSHUDWLRQDODWWULEXWHVWKDWFDQEHFROOHFWHGLQWKHILHOG7KLVLVDWWULEXWHGE\WKHSRVVLELOLW\RIGLUHFWO\
HVWLPDWLQJWKHQXPEHURIFUDVKHVEDVHGRQWKHEDVLFWUDIILFDQGJHRPHWU\LQIRUPDWLRQVXFKDVVLJQDOSDUDPHWHUV
ODQHVDSSURDFKHVHWF:KLOHWKLVDSSURDFKLVH[SHFWHGWREHWLPHHIILFLHQWEHFDXVHLWGRHVQRWUHTXLUHWKHWLPHIRU
EXLOGLQJDQGUXQQLQJDVLPXODWLRQPRGHOLWLVDOVRLQYHVWLJDWHGLQWHUPVRISUHGLFWLRQSHUIRUPDQFH

 6WXG\$UHD
7KHGRZQWRZQDUHDLQ%RLVH,GDKR8QLWHG6WDWHVZDVFKRVHQDVDWHVWEHGLQWKLVVWXG\7KLVQHWZRUNLQFOXGHV
D VL]DEOH QXPEHU RI LQWHUVHFWLRQV LH  OHJ VLJQDOL]HG LQWHUVHFWLRQV ZKLFK LV DSSURSULDWH IRU D VWDWLVWLFDO
DQDO\VLVDQGWKHVLPXODWLRQQHWZRUNLVDOUHDG\DYDLODEOHDPRQJWKH9,66,0GHPRQHWZRUNV7KHVHOHFWHG%RLVH
9,66,0VLPXODWLRQPRGHOZDVFDOLEUDWHGDQGYDOLGDWHGZLWKWUDIILFGDWDYROXPHDQGVSHHGIURPDQGWKH
SDUDPHWHUVRI WKH9,66,0¶VGULYLQJEHKDYLRUPRGHOV LH:LHGHPDQQ¶V FDUIROORZLQJPRGHODQG ODQHFKDQJH
PRGHOZHUHDGMXVWHGWRUHIOHFWDFWXDOGULYLQJEHKDYLRULQUHDOLW\,QRWKHUZRUGVWKHYROXPHDQGVSHHGRXWSXWV
UHVXOWHG IURP VLPXODWLRQ UXQV KDYLQJGLIIHUHQWGULYLQJ EHKDYLRU SDUDPHWHUV VHWVZHUH FRPSDUHGZLWK WKH ILHOG
FROOHFWHGYROXPHDQGVSHHGGDWDDQGWKHSDUDPHWHUVHWWKDWILWVEHVWWRPDWFKWKHILHOGFROOHFWHGGDWDZDVILQDOO\
VHOHFWHGDQGDSSOLHG)LJXUHVKRZVDQDHULDOYLHZRIWKLVQHWZRUNKDYLQJWKHOHJVLJQDOL]HGLQWHUVHFWLRQV
VHOHFWHGIRUWKLVVWXG\LQFOXGLQJFRUULGRUQDPHVLQWHUVHFWLRQVDQG9,66,0¶VOLQNVDQGFRQQHFWRUV

)LJXUH9,66,0VLPXODWLRQQHWZRUNRI%RLVH,GDKR
 'DWD&ROOHFWLRQ
&UDVKGDWDZDV UHWULHYHG IURP:HE&$56 WKHFUDVK DQDO\VLV UHSRUWLQJ V\VWHPRI WKH ,GDKR7UDQVSRUWDWLRQ
'HSDUWPHQW2IILFHRI+LJKZD\6DIHW\7KLVV\VWHPPDLQWDLQVFUDVKGDWDIURPWRWKHSUHVHQWDQGWKHVRXUFHV
RIWKHFUDVKGDWDDUHWKHFUDVKUHSRUWVPDGHE\ODZHQIRUFHPHQWDJHQFLHVLQWKHVWDWH7KUHH\HDUVRIFUDVKGDWD
WKURXJKZHUHFROOHFWHGDQGDJJUHJDWHGEHFDXVHFUDVKHVDUHUDUHHYHQWVDQGWRRIHZFUDVKHVDUHREVHUYHG
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
ZLWKLQRQH\HDU$JJUHJDWLRQRIFUDVKGDWDZDVHVVHQWLDO LQRUGHU WRKDYHDQDGHTXDWHQXPEHURIFUDVKHV IRUD
VWDWLVWLFDODQDO\VLVFRQGXFWHGLQWKLVVWXG\
7KHIROORZLQJGDWDUHGXFWLRQZDVFRQGXFWHGEHIRUHWKHGDWDDQDO\VLVLQRUGHUWRREWDLQRQO\DSSURSULDWHFUDVK
GDWDFRUUHVSRQGLQJWRWKHVWXG\SXUSRVHERWKSURSHUW\GDPDJHRQO\FUDVKHVDQGLQMXU\IDWDOFUDVKHVZHUHLQFOXGHG
RQO\ WKH UHDUHQG DQJOH DQG FURVVLQJ YHKLFOH FUDVK W\SHV WKDW DUH FORVHO\ UHODWHG WR YHKLFOH LQWHUDFWLRQVZHUH
FRQVLGHUHGZKLOHWKHRWKHUW\SHVHJFUDVKHVZLWKSDUNHGFDUVELF\FOHVDQGSHGHVWULDQVDQGGULYHULQDWWHQWLRQV
WKDWUHODWHWRQRQYHKLFOHREMHFWVDQGUHIOHFWKXPDQHUURUVZHUHH[FOXGHGDQGRQO\FUDVKHVRFFXUULQJDWRULQVLGH
RI IW IURP WKH FHQWHU RI DQ LQWHUVHFWLRQ ZHUH LQFOXGHG ZKLOH FUDVKHV RFFXUULQJ DW SDUNLQJ ORWV DQG
SHGHVWULDQELF\FOHURDGVZHUHH[FOXGHG,QDGGLWLRQ$$'7VRQPDMRUDQGPLQRUURDGVZHUHDOVRFROOHFWHGGXULQJ
WKHSHULRG'DWDZDV UHWULHYHG IURP WKH$GD&RXQW\+LJKZD\'LVWULFW¶V WUDIILFFRXQWVGDWDEDVH$&+'
DFFHVVHG RQ$SULO  $OWKRXJK WKLV$$'7GDWD FROOHFWLRQ SHULRG LV QRW WKH VDPHZLWK WKH FUDVK GDWD
FROOHFWLRQ SHULRG GXH WR QRQDYDLODELOLW\ RI GDWD LW VKRXOG EH QRWHG WKDW WKHUH ZDV QR VLJQLILFDQW FKDQJHV LQ
JHRPHWULHVDQGWUDIILFRSHUDWLRQVGXULQJWKHWZRSHULRGVLHGDWDFROOHFWLRQVIRUFUDVKHVDQG$$'7V'HVFULSWLYH
VWDWLVWLFVRIFUDVKDQG$$'7GDWDDUHDVVKRZQLQ7DEOH1RWHWKDWWKHFUDVKDQG$$'7GDWDZHUHFROOHFWHGIRU
IRXUOHJVLJQDOL]HGLQWHUVHFWLRQVLQ%RLVH,GDKR

7DEOH'HVFULSWLYHVWDWLVWLFVRI$$'7DQGFUDVKHV
6WDWLVWLFV 7RWDO $YHUDJH 0D[ 0LQ 67'(9
,QWHUVHFWLRQV     
&UDVKHV 7RWDO     
)DWDOLWLHV     
$,QMXU\     
%,QMXU\     
&,QMXU\     
3URSHUW\
'DPDJH     
$$'7 0DMRU     
0LQRU     

,QDGGLWLRQLQWHUVHFWLRQRSHUDWLRQDOIDFWRUVLQFOXGLQJ$$'7VRQPDMRUPLQRUOLQNVJHRPHWULFFKDUDFWHULVWLFV
VLJQDOSDUDPHWHUVDQGUHVXOWHGLQWHUVHFWLRQSHUIRUPDQFHPHDVXUHVZHUHFROOHFWHGIURPWKH9,66,0QHWZRUNVLQFH
WKHVLPXODWLRQQHWZRUNZDVEXLOWEDVHGRQWKHILHOGFROOHFWHGGDWD7DEOHVKRZVWKHFROOHFWHGSDUDPHWHUVDQGLWV
GHVFULSWLRQV

7DEOH'HVFULSWLYHVWDWLVWLFVRILQWHUVHFWLRQRSHUDWLRQDODWWULEXWHV
&DWHJRULHV 9DULDEOHV 'HVFULSWLRQ
'HVFULSWLYHVWDWLVWLFV
7RWDO $YHUDJH 0D[ 0LQ 67'(9
*HRPHWULF
FKDUDFWHULVWLFV ௟ܰ௘௚௦
1XPEHURIRSHUDWLRQDO
ZD\V     
௟ܰ௔௡௘௦ 1XPEHURIODQHV     
ܲܿݐ்ு
3HUFHQWDJHRIH[FOXVLYH
WKURXJKODQHV     
ܲܿݐ௅்
3HUFHQWDJHRIH[FOXVLYH
OHIWWXUQODQHV     
ܲܿݐோ்
3HUFHQWDJHRIH[FOXVLYH
ULJKWWXUQODQHV     
ܲܿݐ்ுோ்
3HUFHQWDJHRIVKDUHG
OHIWWXUQODQHV     
ܲܿݐ்ுோ்
3HUFHQWDJHRIVKDUHG
ULJKWWXUQODQHV     
ܵݎ்݀ு௅்
3UHVHQFHRIVKDUHGOHIW
WXUQODQHV\HV QR   ³<HV´IRUDQG³1R´IRU
ܵݎ்݀ுோ்
3UHVHQFHRIVKDUHG
ULJKWWXUQODQHV\HV 
QR 
 ³<HV´IRUDQG³1R´IRU
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

ܵݎ݀஺௅௅
3UHVHQFHRIVKDUHGOHIW
DQGULJKWWXUQODQHV
\HV QR 
 ³<HV´IRUDQG³1R´IRU
6LJQDO
SDUDPHWHUV ܲܿݐீ௠௔௝
3HUFHQWDJHRIJUHHQ
SKDVHRQPDMRUURDG     
ܲܿݐீ௠௜௡
3HUFHQWDJHRIJUHHQ
SKDVHRQPLQRUURDG     
ܮ஼௅ &\FOHOHQJWKVHFRQGV     
,QWHUVHFWLRQ
SHUIRUPDQFH
PHDVXUHV
ܰ݀ொ௅ 4XHXHOHQJWKPHWHUV     
ܰ݀ொ௅௠௔௫
0D[LPXPTXHXHOHQJWK
PHWHUV     
ܰ݀௏஽
7RWDOYHKLFOHGHOD\V
VHFRQGV     
ܰ݀௏ௌ஽
7RWDOYHKLFOHVWRS
GHOD\VVHFRQGV     
ܰ݀ௌ௧௢௣௦ 7RWDOQXPEHURIVWRSV     
 *RRGQHVVRIILW0HDVXUHV
$JRRGQHVVRIILW WHVWVKRZLQJKRZZHOO WKHSUHGLFWHGQXPEHURIFUDVKHVILWVDFWXDOFUDVKIUHTXHQFLHVIRXU
PHDVXUHVDUHWKXVXVHGORJOLNHOLKRRGUDWLR//VFDOHGGHYLDQFH6'3HDUVRQFKLVTXDUHG3&DQG
5VTXDUHGPHDVXUHVܴଶ2ZHQ1RWHWKDWDPRGHOILWVEHWWHUWRWKHREVHUYHGFUDVKIUHTXHQFLHVDVDORJ
OLNHOLKRRGUDWLRLVKLJKHUDVFDOHGGHYLDQFHLVVPDOOHUD3HDUVRQFKLVTXDUHGLVVPDOOHUDQGD5VTXDUHGLVKLJKHU
 5(68/76
 0RGHOLQJ5HVXOWV
$$'7EDVHGVDIHW\SHUIRUPDQFHIXQFWLRQ±$SSURDFK
$ EDVLF IRUP RI 63) ZDV DSSOLHG DQG FDOLEUDWHG EDVHG RQ %RLVH¶V FUDVK DQG $$'7 GDWD DV IROORZV
JRRGQHVVRIILWRI//RI6'3&DQGRIܴଶ

	 ൌ  ݁ିଷǤଷ଴ ή ܣܣܦ ௠ܶ௔௝௢௥
଴Ǥଷଶ ή ܣܣܦ ௠ܶ௜௡௢௥
଴Ǥଶସ (T

0LFURVLPXODWLRQEDVHGVDIHW\DVVHVVPHQWXVLQJWUDIILFFRQIOLFWV±$SSURDFK
7DEOH VKRZV WKHGHVFULSWLYH VWDWLVWLFV RI VLPXODWHG WUDIILF FRQIOLFWV IRU HDFK FRQIOLFW W\SH UHDUHQG ODQH
FKDQJH FURVVLQJ DQG WRWDO HVWLPDWHG E\ 66$0 VRIWZDUH DJDLQVW WKH GHVFULSWLYH VWDWLVWLFV RI DFWXDO FUDVK
IUHTXHQFLHV

7DEOH&RPSDULVRQRIFUDVKIUHTXHQFLHVDQGVLPXODWHGFRQIOLFWV
6WDWLVWLFV &UDVKIUHTXHQF\
6LPXODWHGFRQIOLFWV
7RWDO 5HDUHQG /DQHFKDQJH &URVVLQJ
1XPEHURILQWHUVHFWLRQV 
'HVFULSWLYH
6WDWLVWLFV
7RWDO     
$YHUDJH     
0D[     
0LQ     
67'(9     
3HDUVRQ
&RUUHODWLRQ
$QDO\VLV
&RHIILFLHQWU     
WVWDWLVWLF     
&RUUHODWLRQLVVWDWLVWLFDOO\VLJQLILFDQWDWWKHOHYHOWDLOHG
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

7KHUHDUHQGFRQIOLFWVDSSHDUHGWRKDYHWKHKLJKHVWFRUUHODWLRQZLWKDFWXDOFUDVKIUHTXHQFLHVZLWKDFRUUHODWLRQ
FRHIILFLHQWRIDQGWRWDOFRQIOLFWVIROORZHGZLWKDFRUUHODWLRQVWUHQJWKRI&RUUHODWLRQFRHIILFLHQWVIRU
ERWK UHDUHQG DQG WRWDO FRQIOLFWV ZHUH VWDWLVWLFDOO\ VLJQLILFDQW DW WKH  RI FRQILGHQFH OHYHO 1RWH WKDW WKH
FRUUHODWLRQFRHIILFLHQW LV FRQVLGHUHGVLJQLILFDQW LI D WVWDWLVWLFVYDOXH LV OHVV WKDQ2Q WKHRWKHUKDQG ODQH
FKDQJH DQG FURVVLQJ FRQIOLFWV KDG UHODWLYHO\ ZHDN FRUUHODWLRQ VWUHQJWK ZLWK FRHIILFLHQWV RI  DQG 
7KHUHIRUH UHDUHQG FRQIOLFW ZDV H[SHFWHG WR EH WKH PRVW HIIHFWLYH VXUURJDWH VDIHW\ PHDVXUH DQG D VDIHW\
SHUIRUPDQFHIXQFWLRQZDVFDOLEUDWHGXVLQJWKHUHDUHQGFRQIOLFWVDVIROORZVJRRGQHVVRIILWRI//
RI6'3&DQGRIܴଶ

	 ൌ  ݁ିଵǤ଺ଶ ή ܥ݋݂݈݊݅ܿݐݏோா
଴Ǥଷ଼  (T

6LPXODWHGFRQIOLFWVLQFRUSRUDWHGVDIHW\SHUIRUPDQFHIXQFWLRQ±$SSURDFK
%DVHGRQ WKHFRUUHODWLRQDQDO\VLV UHVXOWVEHWZHHQVLPXODWHGFRQIOLFWVDQGDFWXDOFUDVK IUHTXHQFLHVRQO\ WKH
63)VIRUPHGZLWKUHDUHQGFRQIOLFWVDQGWRWDOFRQIOLFWVZHUHXVHGWRGHYHORSHQKDQFHG63)DPRQJWKHRWKHU63)
IRUPVKDYLQJWKHRWKHUFRQIOLFWW\SHV3DUDPHWHUVIRUWKHVHOHFWHGIRXU63)IRUPVIRUPWRZHUHWKHQFDOLEUDWHG
XVLQJDFWXDOFUDVKIUHTXHQFLHV$$'7VDQGHVWLPDWHGWUDIILFFRQIOLFWVE\W\SHV7DEOHVKRZVWKHPRGHOILWWLQJ
UHVXOWVLQFOXGLQJFDOLEUDWHGSDUDPHWHUVDQGJRRGQHVVRIILWYDOXHVIRUHDFKFDOLEUDWHG63)IRUP

7DEOH&DOLEUDWHGSDUDPHWHUVDQGJRRGQHVVRIILWPHDVXUHV
0HDVXUHV )RUP )RUP )RUP )RUP
&DOLEUDWHG
SDUDPHWHUV
$    
E    
E    
F    
F    
F    
F    
*RRGQHVVRI
ILWPHDVXUHV
/RJOLNHOLKRRG    
6FDOHGGHYLDQFH    
3HDUVRQFKLVTXDUHG    
5VTXDUHG    

6LJQLILFDQWO\WKHQHZ63)IRUPVLQFRUSRUDWHGZLWKVLPXODWHGFRQIOLFWVKDGDEHWWHUJRRGQHVVRIILWEDVHGRQ
WKHIRXUJRRGQHVVRIILWPHDVXUHVLHORJOLNHOLKRRGVFDOHGGHYLDQFH3HDUVRQFKLVTXDUHGDQG5VTXDUHGWKDQ
WKHH[LVWLQJ63)63)IRUPFRQVLVWLQJRI$$'7VRQPDMRUPLQRUURDGVDQGUHDUHQGFRQIOLFWVSHUIRUPHGEHVW
DPRQJWKHFDQGLGDWHPRGHOV7KHIRUPXODRIWKHEHVWSHUIRUPLQJ63)LVWKXVDVIROORZV

	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܥ݋݂݈݊݅ܿݐݏோா
௖ଶ
ൌ݁ሺିଷǤ଼ଵସሻ ή ܣܣܦ ௠ܶ௔௝௢௥
ሺ଴Ǥଶଷଵሻ ή ܣܣܦ ௠ܶ௜௡௢௥
ሺ଴Ǥଶସଵሻ ή ܥ݋݂݈݊݅ܿݐݏோா
ሺ଴Ǥଷ଺ଽሻ(T

,QWHUVHFWLRQRSHUDWLRQDODWWULEXWHVEDVHGFRQIOLFWHVWLPDWLRQPRGHO±$SSURDFK
7KLVDSSURDFKZDVDWWULEXWHGE\WKHLGHDWKDWWUDIILFFRQIOLFWVFDQEHVWDWLVWLFDOO\PRGHOHGZLWKRXWVLPXODWLRQ
PRGHOLQJDQG UXQVZKLFKFRXOGHQKDQFHDSUDFWLFDOLW\ LQHVWLPDWLQJ WKHQXPEHURIFRQIOLFWVE\VDYLQJ WLPH LQ
EXLOGLQJ D VLPXODWLRQ QHWZRUN FDOLEUDWLQJ YDOLGDWLQJ DQG UXQQLQJ 7R WKLV HQG WKH YDULDEOHV LH $$'7V
JHRPHWULF FKDUDFWHULVWLFV VLJQDOSDUDPHWHUV LQWHUVHFWLRQSHUIRUPDQFHPHDVXUHVZHUH H[DPLQHG LWV FROOLQHDULW\
XVLQJ D YDULDQFH LQIODWLRQ IDFWRU 9,) DQGܲܿݐ்ு௅ோ ܲܿݐ்ுோ் ܲܿݐ்ு௅்ோ் ܲܿݐீ௠௔௝ ܰ݀ொ௅௠௔௫ ܰ݀௏ௌ஽  DQG
ܰ݀ௌ௧௢௣௦ZHUHWKXVH[FOXGHGLQWKHFRQIOLFWPRGHOLQJ)LQDOO\WKHIROORZLQJYDULDEOHVܣܣܦ ௠ܶ௔௝௢௥ܣܣܦ ௠ܶ௜௡௢௥
௟ܰ௘௚௦  ௟ܰ௔௡௘௦ ܲܿݐ்ு ܲܿݐ௅் ܲܿݐோ் ܵݎ்݀ு௅் ܵݎ்݀ுோ் ܵݎ݀஺௅௅ ܲܿݐீ௠௜௡ ܮ஼௅ ܰ݀ொ௅  DQGܰ݀௏஽  ZHUH XVHG WR
DFFRXQWIRUWUDIILFFRQIOLFWV1RWHWKDWUHDUHQGFRQIOLFWVZHUHXVHGDVDGHSHQGHQWYDULDEOHVLQFHLWKDGWKHKLJKHVW
FRUUHODWLRQVWUHQJWKZLWKDFWXDOFUDVKIUHTXHQFLHV
%DVHGRQWKHOLQHDUPRGHOILWWLQJIXQFWLRQDOLW\RI,%06366VRIWZDUHWKHUHDUHQGFRQIOLFWHVWLPDWLRQPRGHO
ZHUHGHYHORSHGDVIROORZV
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
5HDUHQGFRQIOLFWV ሺͲǤͲͶͺሻ ή ܣܣܦ ௠ܶ௔௝௢௥ሺͲǤͲͻ͵ሻ ή ܣܣܦ ௠ܶ௜௡௢௥ ൅ ሺͲǤͷͳ͵ሻ ή ௟ܰ௘௚௦ ൅ ሺെͲǤͳ͵͸ሻ ή ௟ܰ௔௡௘௦ ൅
ሺͲǤͶͲͻሻ ή ܲܿݐ்ு ൅ ሺെͲǤͳͳ͵ሻ ή ܲܿݐ௅் ൅ ሺെͲǤʹͻͺሻ ή ܲܿݐோ் ൅ ሺെͲǤͳͻͻሻ ή ܵݎ்݀ு௅் ൅
ሺെͲǤͷͺ͵ሻ ή ܵݎ்݀ுோ் ൅ ሺͲǤͲͻͳሻ ή ܵݎ݀஺௅௅ ൅ ሺെͲǤͳͻͻሻ ή ܲܿݐீ௠௜௡ ൅ ሺെͲǤʹʹͻሻ ή ܮ஼௅ ൅
ሺെͲǤͳͳͺሻ ή ܰ݀ொ௅ ൅ ሺͲǤͲͳͷሻ ή ܰ݀௏஽(T

$ JRRGQHVVRIILW WHVW EHWZHHQ VLPXODWHG DQG PRGHOHVWLPDWHG FRQIOLFWV ZDV FRQGXFWHG WR HQVXUH WKH
SHUIRUPDQFHRIWKHUHDUHQGFRQIOLFWHVWLPDWLRQPRGHODQGଶZDVDVVKRZQLQ)LJXUH

)LJXUH6FDWWHUSORWRIJRRGQHVVRIILWWHVWUHVXOWV
7KH HVWLPDWHG WUDIILF FRQIOLFWV EDVHG WKH GHYHORSHG FRQIOLFW HVWLPDWLRQ PRGHO ZHUH XVHG WR SUHGLFW FUDVK
IUHTXHQFLHVXVLQJD1%UHJUHVVLRQIRUPDVIROORZJRRGQHVVRIILWRI//RI6'3&DQG
RIܴଶ

	 ൌ  ݁௔ ή ܣܣܦ ௠ܶ௔௝௢௥
௕ଵ ή ܣܣܦ ௠ܶ௜௡௢௥
௕ଶ ή ܯ݋݈݀݁ܥ݋݂݈݊݅ܿݐݏோா
௖ଶ
ൌ  ݁ሺିସǤଷଵଵሻ ή ܣܣܦ ௠ܶ௔௝௢௥
ሺ଴Ǥଶହ଻ሻ ή ܣܣܦ ௠ܶ௜௡௢௥
ሺ଴Ǥଶସ଺ሻ ή ܯ݋݈݀݁ܥ݋݂݈݊݅ܿݐݏோா
ሺ଴Ǥସଵ଼ሻ(T

,QWHUVHFWLRQRSHUDWLRQDODWWULEXWHVEDVHGFUDVKHVWLPDWLRQPRGHO±$SSURDFK
2QHFDQDUJXHWRXVHWKHLQWHUVHFWLRQRSHUDWLRQDODWWULEXWHVIRUSUHGLFWLQJFUDVKHVE\LQWHJUDWLQJWKHPZLWKWKH
$$'7EDVHG63)IRUP7KLVPHWKRGGRHVQRWUHTXLUHQHLWKHUVLPXODWLRQLPSOHPHQWDWLRQQRUFRQIOLFWHVWLPDWLRQ
DQGGLUHFWO\XVHWKHPLFURVFRSLFRSHUDWLRQDODWWULEXWHVWRSUHGLFWFUDVKHV7RWKLVHQGDOLQHDUPRGHOLQJDSSURDFK
ZDVDSSOLHGWRFDOLEUDWHWKHSDUDPHWHUVRIWKHRSHUDWLRQDODWWULEXWHVDQGWKHIROORZLQJHTXDWLRQLVWKHUHVXOWHGPRGHO
JRRGQHVVRIILWRI//RI6'3&DQGRIܴଶ

&) ݁ିଵǤଶ଺ହ ή ܣܣܦ ௠ܶ௔௝௢௥
ሺ଴Ǥଵଶ଺ሻ ή ܣܣܦ ௠ܶ௜௡௢௥
ሺ଴Ǥଵଶଽሻ ή ௟ܰ௘௚௦
ሺ଴Ǥଵହ଼ሻ ή ௟ܰ௔௡௘௦
ሺ଴Ǥସହ଻ሻ ή ܲܿݐ்ு
ሺ଴Ǥଵଵଵሻ ή
ܲܿݐ௅்
ሺି଴Ǥଷ଻଻ሻ ή ܲܿݐோ்
ሺି଴Ǥଶଵ଻ሻ ή ܵݎ்݀ு௅்
ሺ଴Ǥଵ଼଼ሻ ή ܵݎ்݀ுோ்
ሺ଴Ǥସସହሻ ή ܵݎ݀஺௅௅
ሺି଴Ǥଵହ଴ሻ ή ܲܿݐீ௠௜௡
ሺି଴Ǥଵ଺଼ሻ ή
ܮ஼௅ሺ଴Ǥଵଵଶሻ ή ܰ݀ொ௅
ሺି଴Ǥଵ଺ଽሻ ή ܰ݀௏஽
ሺି଴Ǥଵ଻ଷሻ(T

 3UHGLFWLRQ3HUIRUPDQFH
7KLVVWXG\FRPSDUHGVWDWHRIWKHDUWVDIHW\DVVHVVPHQWPHWKRGVLQFOXGLQJH[LVWLQJDSSURDFKHVDQGDQG
HQKDQFHGPHWKRGVDSSURDFKHVWRLQWHUPVRISUHGLFWLRQSHUIRUPDQFH,WVKRXOGEHQRWHWKDWWKHILYHVDIHW\
DVVHVVPHQWDSSURDFKHVDUHDVIROORZV
x $SSURDFK$$'7EDVHGVDIHW\SHUIRUPDQFHIXQFWLRQ
x $SSURDFK0LFURVLPXODWLRQEDVHGVDIHW\DVVHVVPHQWXVLQJWUDIILFFRQIOLFWV
x $SSURDFK6LPXODWHGFRQIOLFWVLQFRUSRUDWHGVDIHW\SHUIRUPDQFHIXQFWLRQ
x $SSURDFK(VWLPDWHGFRQIOLFWVLQFRUSRUDWHGVDIHW\SHUIRUPDQFHIXQFWLRQ
x $SSURDFK,QWHUVHFWLRQRSHUDWLRQDODWWULEXWHVEDVHGVDIHW\SHUIRUPDQFHIXQFWLRQ
$SSURDFKZDVEHVWLQWHUPVRISUHGLFWLRQSHUIRUPDQFHLHJRRGQHVVRIILWPHDVXUHVDQGDSSURDFKHV
 DQG  IROORZHG LQ RUGHU 7KH DSSURDFK  LQFRUSRUDWHG VLPXODWHG FRQIOLFWV ZKLFK ZHUH H[SHFWHG WR UHIOHFW
LQWHUVHFWLRQ¶VPLFURVFRSLFRSHUDWLRQDOFKDUDFWHULVWLFVE\VLPXODWLQJUHDOWUDIILFYROXPHXQGHUPLPLFNHGJHRPHWU\
DQGWUDIILFFRQWUROVLQWRH[LVWLQJ$$'7EDVHG63)IRUP7KLVFRPELQDWLRQRI$$'7VDQGWKHVLPXODWHGFRQIOLFWV
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DSSHDUHGHIIHFWLYHWRSUHGLFWFUDVKHVDWHDFKLQWHUVHFWLRQV7KLVFRUUHVSRQGVWRSUHYLRXVVXUURJDWHVDIHW\VWXGLHV
LQGLFDWHGWKDWFRQIOLFWVFDQVXSSOHPHQWVDIHW\DVVHVVPHQWRQURDGZD\V)-&&XQWR(O%DV\RXQ\	6D\HG
6RHWDO6REKDQLHWDO7KHDSSURDFKZKLFKXWLOL]HGDOOFROOHFWDEOHLQWHUVHFWLRQRSHUDWLRQDO
DWWULEXWHVWRFDOLEUDWH63)ZDVQH[WWRWKHDSSURDFKLQGLFDWLQJWKDWWKHDSSURDFKZDVDOVRHIIHFWLYHWRDVVHVV
VDIHW\7KHDSSURDFKZKLFKLQFRUSRUDWHGHVWLPDWHGFRQIOLFWVLQWRH[LVWLQJ$$'7EDVHG63)IRUPVKRZHGORZHU
JRRGQHVVRIILWWKDQWKHDSSURDFKHVDQGEHFDXVHLQVXIILFLHQWJRRGQHVVRIILWLQHVWLPDWLQJFRQIOLFWVOHGORZHU
JRRGQHVVRIILW LQSUHGLFWLQJFUDVKHVE\FDOLEUDWLQJ63)7KHDSSURDFKHVDQGDVH[LVWLQJVDIHW\DVVHVVPHQW
PHWKRGVZHUHLQVXIILFLHQWWRSUHGLFWFUDVKHVGXHWRDORZHUJRRGQHVVRIILW

7DEOH*RRGQHVVRIILWPHDVXUHV
*RRGQHVVRIILWPHDVXUHV $SSURDFK $SSURDFK $SSURDFK $SSURDFK $SSURDFK
/RJOLNHOLKRRG//     
6FDOHGGHYLDQFH6'     
3HDUVRQFKLVTXDUHG3&     
5VTXDUHGܴଶ     

 3UDFWLFDOLW\$VSHFW
7KHILYHVDIHW\DVVHVVPHQWDSSURDFKHVZHUHFRPSDUHGDOVRLQWHUPVRILWVSUDFWLFDOLW\UHSUHVHQWLQJHIIRUWVLQ
LPSOHPHQWLQJ VDIHW\ DVVHVVPHQW $V LQGLFDWHG LQ 7DEOH  WKH DSSURDFK  UHTXLUHG VLJQLILFDQW HIIRUWV IRU GDWD
FROOHFWLRQ VWDWLVWLFDO DQDO\VLV VLPXODWLRQ FRGLQJUXQV DQG66$0 LPSOHPHQWDWLRQ DPRQJ WKH HPSOR\HG VDIHW\
DVVHVVPHQWDSSURDFKHVLQWKLVVWXG\7KLVLVEHFDXVHWKHDSSURDFKUHTXLUHVQRWRQO\WRXWLOL]HH[LVWLQJ63)EXW
DOVRWRSURGXFHVLPXODWHGFRQIOLFWVLQRUGHUWRLPSOHPHQWWKHVLPXODWHGFRQIOLFWVLQFRUSRUDWHG63)DSSURDFK2Q
WKHRWKHUKDQGH[LVWLQJ$$'7EDVHG63) DSSURDFKZDV WKH UHDGLHVWPHWKRGEHFDXVH WKLVGRHVQRW UHTXLUH
VLPXODWLRQUXQVDQGDGGLWLRQDOGDWDFROOHFWLRQIRUVLJQDOFRQWUROVDQGGULYLQJEHKDYLRUV)RUWKHRWKHUDSSURDFKHV
DSSURDFKHVDQGGDWDFROOHFWLRQHIIRUWVZHUHHVVHQWLDOEXWWKHLPSOHPHQWDWLRQHIIRUWVZHUHGLIIHUHQWE\WKH
VLPXODWLRQEDVHG RU WKH VWDWLVWLFDO PRGHOEDVHG ,Q WKLV YLHZ WKH DSSURDFK  UHTXLUHG WKH PRVW VLJQLILFDQW
LPSOHPHQWDWLRQHIIRUWVDQGWKHDSSURDFKZDVEHVWLQWHUPVRIWKHSUDFWLFDOLW\

7DEOH5HTXLUHGWDVNVIRUVDIHW\DVVHVVPHQW
 'DWDFROOHFWLRQ SDUDPHWHUV 6WDWLVWLFDO
DQDO\VLV
6LPXODWLRQ
FRGLQJUXQV
66$0
,PSOHPHQW 9ROXPH *HRPHWU\ 6LJQDO 'ULYLQJ
$SSURDFK { î î î { î î
$SSURDFK { { { { î { {
$SSURDFK { { { { { { {
$SSURDFK { { { { { î î
$SSURDFK { { { { { î î
{QHFHVVDU\îXQQHFHVVDU\

 7UDGHRIIEHWZHHQ3UHGLFWLRQ3HUIRUPDQFHDQG3UDFWLFDOLW\
:LWKWKHDQDO\VLVRQSUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\DVSHFWVLQPLQGWKHDSSURDFKZDVEHVWLQWHUPV
RISUHGLFWLRQSHUIRUPDQFHZKLOH LW UHTXLUHVVLJQLILFDQWHIIRUWV LQ LPSOHPHQWLQJ WKHPHWKRGGXH WR WKHHIIRUWV LQ
VWDWLVWLFDOPRGHOLQJ DQG VLPXODWLRQ LPSOHPHQWDWLRQ2Q WKH RWKHU KDQG WKH DSSURDFK ZDV VWUDLJKWIRUZDUG WR
LPSOHPHQW FRPSDUHG WR WKH RWKHU DSSURDFKHV EXW WKH FUDVK SUHGLFWLRQ SHUIRUPDQFH ZDV QRW DFFHSWDEOH 7KH
DSSURDFK  XWLOL]HGPLFURVFRSLF WUDIILF VLPXODWLRQPRGHO WKURXJK GDWD FROOHFWLRQ VLPXODWLRQ FRGLQJUXQV DQG
66$0LPSOHPHQWDWLRQEXWXVLQJVROHO\VLPXODWHGFRQIOLFWVZDVLQVXIILFLHQWIRUVDIHW\DVVHVVPHQW%RWKDSSURDFK
DQGQHHGHGWRFRQGXFWVWDWLVWLFDOPRGHOLQJZKLOHWKH\GRQRWXWLOL]HVLPXODWLRQV(VSHFLDOO\ WKHDSSURDFK
SURYLGHGIDLUSUHGLFWLRQSHUIRUPDQFHZKLFKZDVVLPLODUWRWKHSUHGLFWLRQSHUIRUPDQFHDSSURDFKZKLOHLWGRHV
QRWUHTXLUHWKHHIIRUWVLQVLPXODWLRQPRGHOLQJ
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
 &RQFOXVLRQV
7KLVVWXG\GHYHORSHGHQKDQFHGVDIHW\DVVHVVPHQWPHWKRGVIRUYHKLFOHWRYHKLFOHFUDVKFRQIOLFWVLWXDWLRQVDQG
LQYHVWLJDWHG WKH SHUIRUPDQFHV LQ WKH DVSHFWV RI SUHGLFWLRQ SHUIRUPDQFH DQG SUDFWLFDOLW\ $V EDVH VFHQDULRV
UHSUHVHQWLQJH[LVWLQJVDIHW\DVVHVVPHQWPHWKRGVDYROXPHEDVHGFUDVKHVWLPDWLRQDSSURDFKDQGDVLPXODWHG
FRQIOLFWVEDVHGVXUURJDWHVDIHW\DVVHVVPHQWDSSURDFKZHUHHPSOR\HG%H\RQGWKHVHH[LVWLQJVDIHW\DVVHVVPHQW
PHWKRGV WKUHH QHZ VDIHW\ DVVHVVPHQW PHWKRGV ZHUH GHYHORSHG DQG VXJJHVWHG WR HQKDQFH HLWKHU SUHGLFWLRQ
SHUIRUPDQFH RU SUDFWLFDOLW\ FRPSDUHG WR WKH H[LVWLQJ VDIHW\ DVVHVVPHQW DSSURDFKHV DQ LQWHJUDWHG DSSURDFK RI
VLPXODWHG FRQIOLFWV DQG YROXPH SDUDPHWHUV DSSURDFK  DQ HVWLPDWHG FRQIOLFWVLQFRUSRUDWHG 63) DSSURDFK
DSSURDFKDQGDQLQWHUVHFWLRQRSHUDWLRQDODWWULEXWHVEDVHG63)DSSURDFKDSSURDFK
&UDVKHVZHUHSUHGLFWHGDW HDFK LQWHUVHFWLRQXVLQJ WKH ILYHDSSURDFKHV DQG WKHSUHGLFWHGFUDVKHVZHUH WKHQ
FRPSDUHGZLWKDFWXDOFUDVKIUHTXHQFLHVFROOHFWHGDWVLJQDOL]HGLQWHUVHFWLRQVLQRUGHUWRH[DPLQHWKHSUHGLFWLRQ
SHUIRUPDQFHRIHDFKVDIHW\DVVHVVPHQWDSSURDFK7KHLPSOHPHQWDWLRQHIIRUWVUHTXLUHGIRUFRQGXFWLQJHDFKDSSURDFK
ZHUHDOVRUHYLHZHGE\WKHDXWKRUVDQGWKHUHTXLUHGHIIRUWVZHUHH[DPLQHGDQGFDWHJRUL]HGLQWRIRXUDVSHFWVVXFK
DV GDWD FROOHFWLRQ VWDWLVWLFDO DQDO\VLV VLPXODWLRQ FRGLQJUXQV DQG 66$0 LPSOHPHQWDWLRQ LQ WKH YLHZ RI
SUDFWLFDOLW\ )LQDOO\ WUDGHRII EHWZHHQ SUHGLFWLRQ SHUIRUPDQFH DQG SUDFWLFDOLW\ RI WKH ILYH VDIHW\ DVVHVVPHQW
DSSURDFKHVZDVGLVFXVVHGEDVHGRQWKHDVSHFWVRISUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\
7KHDSSURDFKLQWHJUDWHGDSSURDFKRIVLPXODWHGFRQIOLFWVDQGYROXPHSDUDPHWHUVDQGWKHDSSURDFK$$'7
EDVHG63)ZHUHEHVWLQWHUPVRISUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\UHVSHFWLYHO\+RZHYHUWKLVVWXG\GLGQRW
VHOHFWRQHEHVWVDIHW\DVVHVVPHQWDSSURDFKDQGUDWKHULQYHVWLJDWHGWKHDGYDQWDJHVDQGGLVDGYDQWDJHVRIHDFKPHWKRG
LQ WKH DVSHFWV RI SUHGLFWLRQ SHUIRUPDQFH DQG SUDFWLFDOLW\ WR SURYLGH D UHIHUHQFH IRU WUDIILF VDIHW\
HQJLQHHUVUHVHDUFKHUV WR VHOHFW D EHVW VDIHW\ DVVHVVPHQWPHWKRG XQGHU VSHFLILF FLUFXPVWDQFHV 7KLV LV EHFDXVH
VHOHFWLQJDVDIHW\DVVHVVPHQWPHWKRGGHSHQGVRQPDQ\IDFWRUV LQFOXGLQJUHTXLUHG OHYHORIGHWDLODFFXUDF\ WLPH
VFRSHNQRZOHGJHRISUDFWLWLRQHUGDWDDYDLODELOLW\DQGVRIWZDUHDYDLODELOLW\(YHQWKRXJKRQHDSSURDFKLVEHVWWR
SUHGLFWFUDVKHVDW LQWHUVHFWLRQVDSSURDFKLQWKLVVWXG\ WKLVDSSURDFKPD\QRWEHZLGHO\XVHGLIWKLVUHTXLUHV
VLJQLILFDQWHIIRUWVLQWKHLPSOHPHQWDWLRQVWHS,QVWHDGRISURYLGLQJRQHEHVWVDIHW\DVVHVVPHQWDSSURDFKWKLVVWXG\
ZLOODQVZHUWKHTXHVWLRQRISUDFWLWLRQHUVWKDWZKLFKVDIHW\DVVHVVPHQWDSSURDFKZLOOEHDSSURSULDWHE\FRQVLGHULQJ
JLYHQ UHVRXUFHV HJ WLPH ODERUKDUGZDUHDQGVRIWZDUH ,QRWKHUZRUGV WKH LQYHVWLJDWLRQVRIVWDWHRIWKHDUW
VDIHW\DVVHVVPHQWDSSURDFKHVLQWKHDVSHFWVRISUHGLFWLRQSHUIRUPDQFHDQGSUDFWLFDOLW\ZLOOEHDUHIHUHQFHZKHQ
SUDFWLWLRQHUVQHHGWRDVVHVVURDGVDIHW\HVSHFLDOO\IRUYHKLFOHWRYHKLFOHFUDVKHVDWVLJQDOL]HGLQWHUVHFWLRQVDQGWR
VHOHFWDQDSSURSULDWHPHWKRGZLWKOLPLWHGUHVRXUFHV
)ROORZLQJUHFRPPHQGDWLRQVZHUHVXJJHVWHGLQWKHSHUVSHFWLYHRIHQKDQFLQJWKHUHOLDELOLW\RIVDIHW\DVVHVVPHQW
7KLVVWXG\XVHGDVLQJOHQHWZRUNFDOLEUDWHGDQGYDOLGDWHGZLWKRQHGULYLQJEHKDYLRUSDUDPHWHUVHW6LQFHWKHGULYLQJ
EHKDYLRU LH GULYHU DJJUHVVLYHQHVVZDV H[SHFWHG WR LPSDFW RQ VDIHW\ WKHUH LV D QHHG WR DSSO\ WKH SURSRVHG
DSSURDFKHV IRU GLIIHUHQW VLPXODWLRQ QHWZRUNV UHIOHFWLQJ GLIIHUHQW GULYLQJ EHKDYLRUV $OVR H[SHULPHQWLQJ ZLWK
GLIIHUHQW W\SHV RI VLJQDOL]HG LQWHUVHFWLRQV DQGKLJKZD\ VHFWLRQV ZLWKRXW VLJQDO LQWHUUXSWLRQVZLOO HQKDQFH WKH
UHOLDELOLW\RIWKHPHWKRGVXVHGLQWKLVVWXG\ZKLOHWKLVVWXG\XVHGOHJVLJQDOL]HGLQWHUVHFWLRQV/DVWFRQGXFWLQJD
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